Sapelli (Entandrophragma cylindricum) and tali (Erythrophleum suaveolens) are among the most important timber species harvested from Congo Basin forests. They also host edible caterpillars, Imbrasia oyemensis and Cirina forda, respectively, which are important to the nutrition and income of rural and urban populations. This study evaluated the density of these tree species within a 10 km radius around each of 4 villages and in the 2012 annual cutting areas of two timber concessions in the region of Kisangani (DRC). Sapelli and tali trees ≥20 cm dbh and their stumps were identified and measured on 21 five ha plots around each village and 20 five ha plots on each concession. Around villages and on concessions, sapelli trees occurred at densities of 0.048 ± 0.008 harvestable trees (≥80 cm dbh) ha −1 and 0.135 ± 0.019 precommercial trees ha . Between 25% and 40% of the harvestable sapelli trees had been logged as compared to < 3% of the harvestable tali trees. Production per tree, derived from another study, was extrapolated to estimate caterpillar yields on a half circle of 15,700 ha within 10 km of villages, using these estimates of tree densities. Depending on the village, yields were estimated as 11.6-34.5 Mg year −1 of I. oyemensis from sapelli trees, and 65.8-80.9 Mg year −1 of C. forda from tali trees, an average of 0.74-2.2 kg ha −1 year and 4.2-5.2 kg ha −1 year, fresh weight, respectively (0.23-0.68 kg ha −1 year −1 and 1.3-1.6 kg ha −1 year −1 , dry weight, respectively). Harvestable trees yielded more caterpillars, providing most of the C. forda caterpillars. However, because harvestable sapelli trees occurred at low densities, the bulk of I. oyemensis caterpillar production would be hosted on precommercial trees. Logging practices that reject poorly formed or hollow trees and guidelines that call for high minimum diameter limits and retention of seed trees or prohibit logging on slopes or riparian zones, safeguard edible caterpillar production. Multiple resource management for multiple stakeholders would require more deliberate planning and management approaches based on negotiations with local communities and approaches like setting aside collection zones or collection trees that would be protected from logging.
. Between 25% and 40% of the harvestable sapelli trees had been logged as compared to < 3% of the harvestable tali trees. Production per tree, derived from another study, was extrapolated to estimate caterpillar yields on a half circle of 15,700 ha within 10 km of villages, using these estimates of tree densities. Depending on the village, yields were estimated as 11.6-34.5 Mg year −1 of I. oyemensis from sapelli trees, and 65.8-80.9 Mg year −1 of C. forda from tali trees, an average of 0.74-2.2 kg ha −1 year and 4.2-5.2 kg ha −1 year, fresh weight, respectively (0.23-0.68 kg ha −1 year −1 and 1.3-1.6 kg ha −1 year −1 , dry weight, respectively). Harvestable trees yielded more caterpillars, providing most of the C. forda caterpillars. However, because harvestable sapelli trees occurred at low densities, the bulk of I. oyemensis caterpillar production would be hosted on precommercial trees. Logging practices that reject poorly formed or hollow trees and guidelines that call for high minimum diameter limits and retention of seed trees or prohibit logging on slopes or riparian zones, safeguard edible caterpillar production. Multiple resource management for multiple stakeholders would require more deliberate planning and management approaches based on negotiations with local communities and approaches like setting aside collection zones or collection trees that would be protected from logging.
Introduction
More than 1.7 million km 2 of the Congo Basin were covered in dense humid forest in 2012 (Potapov et al., 2011 in Marquant et al., 2015 , 99% of them primary or naturally regenerated (Megevand et al., 2013) . The Democratic Republic of the Congo (DRC) has 101.8 million ha of dense tropical forests (Bayol et al., 2012) , of which 12.2 million ha are currently allocated to 80 timber concessions (Bayol et al., 2012; Karsenty and Ferron, 2017) . Between 1991 and 2009, DRC produced an average of 228,000 m 3 of logs/year (Bayol et al., 2012) . The Federation of Forest Industries in DRC has documented an increase in timber exports, of which the value in 2002 was estimated at €6.9 million but reached €35.3 million in 2005 (Eba'a Atyi and Bayol, 2009 ). In Central Africa, forests provide food and other subsistence products to the approximately 60 million people who live within and near them (De Wasseige et al., 2014 in Marquant et al., 2015 , as well as contributing to the nutrition of another 40 million people who live in urban areas near the forest estate (Nasi et al., 2011 in Marquant et al., 2015 . In the DRC, seventy percent of the country's population, about 40 million people, live in rural areas and depend on these forests (Vundu, 2007) . also produce NTFP that are important to the economies and food security of populations living within and around the forest areas (Cunningham, 1996; Tabuna, 1999; Liengola, 2002; Ndoye and Tieguhong, 2004; Kahindo, 2007; Ingram et al., 2012; Rist et al. 2012; Eckebil et al., 2017) . The 2002 DRC forest code adopted through Law No. 11/2002 to encourage sustainable management and socioeconomic benefits, was complemented with guidelines requiring that concessionaires submit management plans and sign an agreement with local communities. The code recognized the traditional user rights of communities to resources in production forests, including ownership of trees around their villages (Lescuyer et al., 2014) . Typically, local users are not impeded from gathering or collecting NTFPs within concessions, for subsistence use . However, to date, forest management has rarely taken into account these non-timber resources and benefits (Ndoye and Tieguhong, 2004; Bikoue et al., 2007; Karsenty and Vermeulen, 2016; Eckebil et al., 2017) .
Among the important foods obtained from forests are edible caterpillars ('mbinzo', in Lingala), which are both consumed and sold, contributing to food security and income of the rural and urban populations around Kisangani (Malaisse, 1997; Tabuna, 1999; Mbétid-Bessane, 2005; Toirambe, 2007; Latham, 2008; Hopkins, 2007; Amon et al., 2009; Lisingo et al., 2012) . Caterpillars are high in proteins and rich in micronutrients, providing magnesium and iron that are essential for the nutrition of pregnant women and babies (FAO, 2013) , as well as important vitamins and fatty acids, notably linoleic and linolenic acids (Malaisse, 1997; Amon et al., 2009) . Flour made from the caterpillar Imbrasia oyemensis contains 58% protein and 24% fats (Amon et al., 2009 ) as well as potassium, calcium and phosphorus (Foua Bi et al., 2015 . Cirina forda contains 14% protein, a proportion similar to beef. As a result, edible caterpillars are important to preventing malnutrition and represent a crucial complement to the diets of young children, essential for their physical and cognitive development (Vantomme et al., 2004) .
These edible caterpillars feed on the leaves of several tree species that are harvested for timber, notably African mahogany, or sapelli (Entandrophragma cylindricum), which hosts the larvae of I. oyemensis; and tali (Erythropheum suaveolens), which hosts the larvae of C. forda. Of the 53 timber species harvested in the DRC, sapelli is the most important, contributing 19.6% of the national production. In 2007, sapelli was the species with the highest production volume among the timber industries in the DRC (60,910 m 3 out of a total of 310,130 m 3 , Eba'a Atyi and Bayol, 2009 ). Sapelli bark is also used in traditional medicine (Kemeuze, 2008 . Tali ranks fourth in volume among timber species harvested in the Congo Basin (Bayol et al., 2012) . Tali also produces bark and roots that are high in alkaloids and are used in traditional medicine and as fish poison (Okeyo, 2006) . Harvesting of these timber species reduces the amount of foliage available to feed the caterpillars and could therefore affect their abundance and availability (Mate, 2002; Lisingo et al., 2012; Eckebil et al., 2017) . This represents a potential conflict of use between a onetime harvest of timber and an annual harvest of edible caterpillars over decades. A reduction in the availability of these caterpillars could have long term effects on the well-being of local populations, particularly those rural people who are most vulnerable. For this reason, timber harvesting could represent a conflict between the interests of timber concessions and those of local people. Approaches to forest management that consider resources used by local people as well as industrial timber could minimize the potential conflicts between logging and the needs of local populations that consume these wild foods (Guariguata et al., 2010; Ingram et al., 2012; Rist et al., 2012; Herrero-Jauregui et al., 2013; Karsenty and Vermeulen, 2016) . To move forward towards multiple resource management requires information about the yields of edible caterpillars on timber trees and how logging affects their availability (Hopkins, 2007; Eckebil et al., 2017) .
This study was carried out to address these information needs by quantifying the density of sapelli and tali trees of different size classes around villages and within concessions; and the number logged. In addition, it extrapolates the quantity of caterpillars yielded annually on these host trees and evaluates the ways forest management affects the potential to sustain these two types of resource. It is hoped that the results will contribute to the development of management approaches to sustain the production of both timber and non-timber resources for multiple stakeholders in these forests
Study area
The study was carried out in two logging concessions in the vicinity of Kisangani, in Eastern DRC. One, referred to as Alibuku, is managed by the Compagnie de Transport et Exploitation Forestière (COTREFOR, abbreviated as CR), and extends over 275,000 ha, centered on 00°44.92′N, 25°17.84′E, at 433 m elevation. The other is referred to as the Kayete concession, managed by the Compagnie Forestière de Transformation (CFT, abbreviated as CT), with an extension of 190,000 ha, centered on 00°08.92′N, 25°37.07′E, at 457 m elevation (Fig. 1) . Monthly mean temperature in this area ranges from 22.4°C to 29.3°C, with an annual mean of 25°C; and annual rainfall ranges from 1500 mm and 2000 mm, averaging 1750 mm/year (MONUSCO, 2014) . COTREFOR began operations their concession in 2005 while CFT has been exploiting theirs since 2010. Both are carrying out harvests under their first 25 year cutting cycle. However, timber was harvested from both concession areas by other companies prior to these two. Parallel studies were carried out in two villages within or adjacent to each of these concessions: Nyonga ('Na'), and Agbokanga ('Aa') within concession CR; and Babongena ('Ba') and Kayete ('Ke') adjacent to or within concession CT (Fig. 1) . The villages were selected on the basis of their proximity to or inclusion within the concession and their potential dependence on the concession forest.
Methods

Data collection
Density of trees on concessions
To determine the density of the selected timber species within the concessions and the impact of logging, sampling was carried out one year after log extraction in the cutting areas of 2012: 9098 ha on the CR concession and 3833 ha on the CT concession. A total of 20 five ha sample plots (100 m × 500 m), were distributed according to a stratified random sampling scheme. Five 25 ha inventory plots were selected at random within each of four quadrants of each cutting area, and within each of the twenty selected inventory plots a 5 ha sample plot was laid out. Within each five ha plot, individuals of sapelli and tali ≥20 cm dbh were identified and their diameters measured with a tape at 1.3 m, except for trees with buttress roots at 1.3 m, in which case diameter was measured 20 cm above the buttresses. Stumps of these species were also identified and measured at stump height, which varied from one to another.
Density of trees around the villages
Around the sample villages associated with each concession, densities of sapelli and tali trees were estimated by sampling an area of a half circle of 10 km radius towards the central part of the concession from the village. The sampling scheme consisted of 3 transects 10 km long, laid out at 45°angles one from the other, towards the concession. Each transect started at the centre of the village, defined as the house of the chief (see Fig. 2 in Noutcheu et al. 2016) . A total of 21 five ha plots (100 m × 500 m) were laid out systematically along each transect, alternating between one side and the other, to sample 0.5% of the area. In order to determine whether the density of trees varied with distance from the village, sampling along each transect was stratified according to four distance strata: S1, 0-2 km (628 ha, 3 plots); S2, 2-4 km (1884 ha, 3 plots); S3, 4-7 km (5181 ha, 6 plots); and S4, 7-10 km (8007 ha, 9 plots). Within each sample plot, all the standing trees of sapelli and tali ≥20 cm dbh were identified and measured, as were the stumps of those species.
Extrapolation of caterpillar production from trees to forests
In a companion study to this one, the yields of I. oyemensis caterpillars from sapelli trees and of C. forda caterpillars from tali trees were weighed daily under 50 sapelli trees and 170 tali trees during the caterpillar harvesting period, between August and September of 2013 and 2014 (Muvatsi et al., in press-a) . The average yields for each species by 20 cm diameter class obtained from that study were used to extrapolate from the density of tali and sapelli trees of different sizes on sample plots as determined in this study, to the total expected yield of caterpillars from the trees within a 10 km radius on one half circle of land/ forest next to each village.
Data analysis
Tree densities around villages and on concessions
For the purpose of analysis, trees were differentiated as harvestable or precommercial (i.e. above or below the legal minimum cutting diameter of ≥80 cm for sapelli and ≥60 cm for tali). Data on tree densities were analyzed using 'R'(R Core Team, 2013) and Systat 13 (version 13.00.05, 2009), as well as Microsoft Office Excel. Because of the high density of zeros in the resulting data set, the data distribution was not normal, so non-parametric Kruskal-Wallis tests were used to compare the density of sapelli and tali trees around the four villages and among the distance strata. The non-parametric Wilcoxon rank-sum/Mann-Whitney U test for independent samples, with a test statistic of 'W', was used to compare the density of individuals in the cutting areas with their density around the villages, and their densities in the two concessions. The Wilcoxon signed-rank test for repeated measures, with a test-statistic of 'V', was used to compare the density of individuals standing prior to and after the logging operation within the cutting area (R Core Team, 2013; Lafaye de Micheaux et al., 2011, Chapter 11, pp. 364-366) .
Caterpillar yields
To illustrate the implications of tree densities for caterpillar yields, the number of trees per diameter class found on the 420 ha of sample plots around the four villages was multiplied by the average yield of caterpillars, during two years of data collection, for trees of that species and size class from Muvatsi et al. (in press-a) . To quantify the caterpillar resource available within 10 km of the village, these yields were extrapolated by multiplying the density of trees ha −1 by 15,700 to estimate potential yields from the 15,700 ha half circle of forest on one side of each village.
Results
Many plots were found to have zero individuals of the species being sampled. No sapelli trees of harvestable size were found on 18 of the 20 five ha plots on each concession and 12-16 of the 21 plots around each village. Precommercial sapelli trees were also infrequent. None were found on 11-16 of the 20 plots on each concession and 7-18 of the 21 plots around each village (Fig. 2) . Only three of the 40 plots on concessions and three of the 84 plots around villages lacked any tali trees (Fig. 3) . P. Muvatsi et al. Forest Ecology and Management 410 (2018) 56-65 
The density of caterpillar-hosting trees on concessions
Harvestable sapelli trees were found at a density of 0.03 ha −1 on both concessions. Precommercial sapelli trees occurred at densities four times higher on the CR concession than the CT concession, 0.22 ± 0.069 ha (pvalue = .05; Table 1 ). On both concessions, harvestable tali trees occurred at densities of about 0.4 trees and 0.01 stumps ha −1 while precommercial tali trees were three times more abundant on the CR concession than on the CT concession (0.57 ± 0.115 ha −1 as compared to 0.18 ± 0.032 ha −1 (Table 1 ; W = 102, p-value = .01).
Only one sapelli stump was found on the 20 sample plots on the CR concession; two were found on one plot among the 20 sample plots in the CT concession. These densities correspond to 0.01-0.02 stumps ha −1
. The Wilcoxon signed-rank test showed that on both concessions the pre-harvest densities (i.e. harvestable trees plus stumps) and postharvest densities of harvestable trees (not including stumps) of both species were not significantly different (V = 3, p-value = .37 for sapelli and V = 3, p-value = .35 for tali). Nonetheless, in the CT concession there were almost twice as many stumps of sapelli ha −1 as were found in the CR concession (Table 1 ). The number of stumps revealed that 25% and 40% of the harvestable sapelli trees were extracted, respectively, from the two concessions in 2012 as compared to 2.4% of the harvestable trees of tali.
The density of caterpillar-hosting trees around villages
Based on Kruskal-Wallis tests, and using a threshold for significance of p < .05, there was no significant difference in the densities of harvestable or precommercial sapelli trees with distance from the villages. Harvestable tali trees were significantly less abundant within 2 km of villages than further away (0.083 ± 0.038 ha −1 as compared to 0.362 ± 0.042; Kruskal-Wallis chi-squared = 9.34, df = 3, pvalue = .03; Table 2 ). Around the villages, sapelli trees were found at densities of 0.03-0.095 ha −1 of harvestable size and 0.038-0.286 ha −1 of precommercial sizes (< 80 cm dbh), depending on the village. Tali trees occurred at densities ranging from 0.20 to 0.40 trees ha −1 of harvestable size and from 0.16 to 0.53 trees ha −1 of precommercial sizes (< 60 cm dbh). Differences in density among villages were not statistically significant, except for the higher densities of precommercial trees of both sapelli and tali around village 'Aa' (respectively, KruskalWallis chi-squared = 16.2, df = 3, p-value = .00; Kruskal-Wallis chisquared = 13.6, df = 3, p-value = .00; Table 4 ). No stumps were observed on any of the sample plots around the villages.
Comparison between villages and concessions
Although the average density of harvestable sapelli trees around the four villages was higher than the density on the two concessions (0.057 ± 0.012 ha −1 and 0.03 ± 0.013 ha −1
, respectively), the nonparametric Mann-Whitney U/Wilcoxon rank-sum test did not reveal statistically significant differences between the two groups (W = 1463, p-value = .12). The density of precommercial sapelli trees was 0.135 ha −1 around both villages and concessions. Harvestable tali trees were seven times as abundant as sapelli trees, both around the villages and in the concessions, averaging 0.347 ± 0.032 ha −1 as compared to 0.048 ± 0.009 ha −1 for sapelli (Table 3) .
Yield of caterpillars around the villages
Figs. 4 and 5 show the extrapolated yield of caterpillars on the total number of trees in each diameter class found on the 84 sample plots established around the 4 villages, derived from the average yields per tree of this size class for each species over two years (Muvatsi et al., in press-a) . In the case of I. oyemensis, large trees occur in very low numbers, so the bulk of the total production around the villages would be found on the more abundant trees < 60 cm in diameter, even though their average yield is only 3.3 kg/tree year −1 as compared to yields on trees larger than the minimum cutting diameter, which were found to range from 11.4 kg/tree year −1 to more than 20 kg/tree year −1 (Muvatsi et al., in press-a; Fig. 4 ). In the case of C. forda, the bulk of the caterpillar harvest would be obtained from trees larger than the minimum cutting diameter because their abundance is high, as is their yield (Fig. 5) . The extrapolated number of harvestable and precommercial trees of each species in the area of a half circle of 10 km radius around each village was multiplied by the average yield of caterpillars for harvestable and precommercial trees from Muvatsi et al., (in press-a) , to estimate the potential yield of caterpillars in this area for each sample village (Table 4 ). These calculations revealed that in this area of 15,700 ha, sapelli trees are likely to yield between 11.6 and Table 2 Density and standard errors of harvestable and precommercial sapelli and tali trees ha −1 (above or below the legal minimum cutting diameter of ≥ 80 cm dbh for sapelli and ≥ 60 cm dbh for tali) in the four distance strata from the four villages. Different subscripts indicate statistically significant differences among distances for each species and size class, derived from Kruskal-Wallis statistical tests, using a p value for significance of 0.05. , fresh weight, of C. forda. It is probable that communities have access to a similar abundance of trees on the 15,700 ha half circle of forest on the other side of their villages.
Discussion
Density of trees on concessions and around villages
We found densities of 0.03 harvestable sapelli trees (≥80 cm dbh) ha . This means that trees harvested in the past have been replaced only by the growth of trees that were below the minimum cutting diameter during previous logging operations (Hall et al. 2003; Karsenty and Gourlet-Fleury, 2006; Lourmas et al., 2007) Between 25% and 40% of the sapelli trees of harvestable diameter were extracted from the 2012 cutting area in the two sampled concessions (in one case, one out of four preharvest trees; in the other, two out of five preharvest trees). It may be that the majority of commercialsized trees were not harvested because of inadequate timber quality (hollow stems or poor form), but they may have been left behind because the areas where they were growing were inaccessible, or because loggers were respecting the DRC guidelines that call for preserving seed trees (Blaser et al., 2011) .
Because the density of trees was so low (in the case of sapelli) or Fig. 4 . Number of trees of sapelli by diameter class in 420 ha of sample plots around four villages and the total quantity of I. oyemensis caterpillars they are estimated to yield annually, calculated on the basis of average yields per tree of each diameter class from 2 years of production (Muvatsi et al., in press-a) . White bars indicate trees above the minimum cutting diameter for timber production. . Number of trees of tali by diameter class in 420 ha of sample plots around four villages and the total quantity of C. forda caterpillars they are estimated to yield annually, calculated on the basis of average yields per tree of each diameter class, from 2 years of production (Muvatsi et al., in press-a) . White bars indicate trees above the minimum cutting diameter for timber production.
Table 4
Density ha −1 of harvestable and precommercial sapelli and tali trees (above or below the legal minimum cutting diameter of ≥80 cm dbh for sapelli and ≥60 cm dbh for tali) for the four sample villages, and their standard errors. Different subscripts indicate statistically significant differences among villages for each species and size class, based on Kruskal-Wallis statistical tests and a threshold for significance of p < .05. Potential yields (kg) of caterpillars per season are derived from the extrapolation of numbers of harvestable and precommercial trees to the total on a half circle of area within 10 km of each village and the average yield of caterpillars by tree size class, from measurements taken at the base of 50 sapelli trees and 170 tali trees during the production seasons of 2013 and 2014 (Muvatsi et al., in press-a varied so much among plots (in the case of tali), the difference between the number of harvestable trees before the logging operation (ie. standing trees larger than the minimum cutting diameter plus stumps) was not found to be significantly different from the number remaining standing after harvest. Larger plot sizes may have been necessary to avoid the zeros that made it difficult to determine statistically significant differences. The village of 'Aa' had unusually high densities of sapelli and tali trees of precommercial sizes (Table 4 ). This village was established after the logging roads were built by AMEX-BOIS (around the year 2000) and then TRANS-M-Bois (around the year 2005). These high densities may reflect conditions that favored regeneration of these species in the past. Both sapelli and tali regenerate best under high light conditions (Zaou et al., 1998; Doucet, 2003; ; sapelli also has preferences for certain kinds of soils (Hall et al., 2004) . According to Likwandjandja et al. (2012) , the village is inhabitated primarily by members of a local tribe, the Mbole, who lack the rights to sell forest products or negotiate for lands. As a result, there are few artisans in the village, and therefore little demand for wood.
Harvestable tali trees were significantly less abundant within 2 km of villages than further away (Table 2 ). This may reflect the location of agricultural fields around the villages, mostly based on shifting agriculture using slash and burn systems. Usually, farmers eliminate large trees that would shade or otherwise compete with their crops. Although no stumps were found on our sample plots around villages, it is also possible that tali trees were used in the past for local construction or died due to debarking for other uses (Lisingo et al., 2010; Kabura, 2012) .
The density of sapelli and tali trees around the villages was not significantly different from the density of these trees on the 2012 cutting area of the concession. In the case of sapelli, this may reflect the fact that trees were absent from so many sample plots, making it difficult to derive statistical comparisons. The lack of significant differences, even for harvestable tali trees, may also reflect the fact that three of the sample villages occur within logging concessions and one on the edge, so the areas around them may have been subject to industrial logging operations in the past. Logging took place around the village of Ke before the 1960s and in the vicinity of other villages before the year 2000. In addition, sapelli is sometimes harvested artisanally in the vicinity of villages, although we noted no stumps on our sample plots around villages. It has been reported that sometimes trees are felled so the caterpillars in their foliage can be gathered. N'gasse (in Balinga et al., 2004) noted that this practice had considerably reduced the precommercial populations of sapelli trees in Lobaye, Central African Republic (CAR). We found no evidence of destructive caterpillar harvesting during the course of this study.
Around villages and on concessions, tali trees occurred at higher densities than sapelli trees. This may reflect ecological factors, but probably also lower rates of harvest, both in the past and recently. The rate of harvesting of tali (2.4% of available trees of harvestable diameters) probably reflects a relatively limited market demand. Tali is typically logged to meet a specific request from a buyer. Tali trees still occur at relatively high densities in both harvestable and precommercial size classes both on concessions and around villages, 0.63-0.77 ha −1 ≥20 cm dbh, densities similar to the 0.50-0.85 ha
found around villages and after harvesting on concessions in Cameroon (Noutcheu et al., 2016) 
Availability of caterpillars on sapelli and tali trees
Over a given area, the quantity of edible caterpillars depends both on the density of the host trees and their sizes. The larger the diameter of a tree, the larger its crown volume (Snook et al., 2005) ; and the larger the crown volume, the larger the leaf resource for caterpillars. Given the density and size classes of trees observed around the villages studied, sapelli trees provided an average of 0.74-2.2 kg ha and 0.68 kg ha −1 year −1 of I. oyemensis and 1.3-1.6 kg ha −1 year −1 of C. forda. These rates are much lower than the 5 kg ha −1 year −1 dry weight of C. forda caterpillars documented in Zimbabwe (Munthali and Mughogho, 1992) and in Bas -Congo Province (DRC; Latham, 2002) . This may reflect low tree densities due to past logging, lack of past regeneration opportunities, or ecological conditions. Ashton and Hall (2011) suggested that exploitation of Entandrophragma spp. for timber in Central Africa could potentially reduce the availability of associated NTFPs by depleting tree populations. It is not known what proportion of the total estimated yield of caterpillars is actually harvested within a given radius of the villages in this study. However, studies carried out in Cameroon showed a reduction in consumption of caterpillars by local people after the felling of their host trees (sapelli and others) by a timber company (Armand, 2008) . Trees that meet minimum diameter limits for timber harvesting host higher quantities of caterpillars than smaller trees because of their large crowns. Harvesting large trees therefore has a disproportional impact on the abundance of caterpillars available. During two seasons of monitoring, exploitable sapelli trees were found to yield twice as many caterpillars as precommercial trees, 13.7 kg vs. 6.8 kg in 2013 and 9.0 kg vs. 4.1 kg in 2014 (fresh weight). Harvestable tali trees hosted twice as many caterpillars as those less than 60 cm dbh in 2013 (10.0 kg vs. 5.1 kg) and 28% more in 2014 (8.2 kg vs 6.4 kg, fresh weight) (Muvatsi et al., in press-a) .
Up to 40% of harvestable sapelli trees had been extracted in the 2012 logging operation, but only a very small proportion of harvestable tali trees were removed. When large trees are left standing because of low market demand, inaccessibility, or poor timber quality, they continue to provide forage for caterpillars that in turn feed the local population. Large trees also typically produce higher quantities of seeds than smaller trees (Plumptre, 1995 Snook et al., 2005) , so leaving them also represents an advantage for forest regeneration. It is noteworthy that the diameter limit for harvesting sapelli trees in DRC (80 cm dbh) is lower than the diameter limit in Cameroon (100 cm dbh). This means that harvesting in DRC has a higher impact on sapelli populations and the remaining sources of caterpillars than harvests in Cameroon. Felling diameters for tali are the same in both countries (Noutcheu et al., 2016) . Norms for Reduced Impact Logging (Normes d'Exploitation Forestière à Impact Réduit, EFIR) and guidelines that prohibit logging of seed trees and those on steep slopes, in wetlands, near watercourses or rivers, would also contribute to conserving yields of caterpillars (ATIBT, 2006; SPIAF, 2007) . However, in DRC, current logging guidelines call only for respecting minimum cutting diameters and preserving seed trees for some tree species (Blaser et al., 2011) . Several authors have pointed out that it is time to move towards multiple resource management of tropical forests (Guariguata et al., 2010; Herrero-Jauregui et al., 2013; Hopkins, 2007; Rist et al., 2012, Karsenty and Vermeulen, 2016 ). This will require that the resources of interest to local people be considered in management plans, and that practices and policies be implemented to sustain or enhance their access to them. These considerations are among the 'social criteria' evaluated by the Forest Stewardship Council in certifying logging companies Karsenty and Vermeulen, 2016) . Chidumayo, in Mbata (2002) has suggested zoning forest reserves to dedicate certain areas to caterpillar production. Hopkins (2007) proposed that collection trees be mapped and protected from logging for caterpillar harvesting. It is noteworthy that more proactive management, including silvicultural practices to promote the regeneration of species such as sapelli, are also needed, to ensure both future harvests of timber and associated NTFPs (Karsenty and Gourlet-Fleury, 2006; .
Conclusion
Sapelli and tali are important to local populations for the caterpillars that feed on their foliage. These same species are important to logging companies for timber. For villages that are located beside or within timber concessions, access to caterpillars is enhanced by the safeguarding of these trees by timber companies and reduced by harvesting of the largest individuals. This study showed that timber companies have left standing more harvestable trees than they felled in 2012. Quality guidelines that reject malformed or hollow trees and harvesting guidelines that protect seed trees as well as low impact logging guidelines that prohibit logging trees in steep or wetland areas or those near waterways, contribute to sustaining large timber trees on concessions, along with their capacity to host and feed edible caterpillars. Similarly, minimum diameter limits for logging safeguard smaller trees, which, although they host fewer caterpillars, may occur at higher densities than harvestable trees. All of these guidelines yield benefits to future timber production, but they also contribute to sustaining access to edible caterpillars for local communities. However, silvicultural management practices are needed to replenish populations of tree species like sapelli.
Managing tropical forests for multiple resources and multiple stakeholders requires processes for negotiation and joint decision making (Karsenty and Vermeulen, 2016) , going beyond the discussion platforms and committees integrating local users and industries that are mandated by forest laws in the region . Customary uses such as caterpillar collection are not impeded in forest concessions, but forest management practices are oriented towards timber production, not designed to safeguard or increase the availability of those resources Karsenty and Vermeulen, 2016) . More information about the resources of interest is also needed, including their spatial location (Hopkins, 2007) . Collectors typically travel on foot (though sometimes also by motorbike along roads) and are unlikely to reach all portions of the concession. A recent study by Muvatsi et al. (in press-b) showed that villagers typically collect caterpillars within a 4 km radius of their village. In negotiating to secure access to edible caterpillar resources by local populations, particular attention should be paid to host trees within a reasonable collection distance of the villages.
